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2I. INTRODUCTION
The baryons containing a heavy quark have been at the focus of much theoretical attention, especially since the
development of the heavy quark effective theory (HQET) and its application to the spectroscopy of these baryons.
The heavy quark provides a window that permits us to see further under the skin of the non-perturbative QCD
as compared the light baryons. These states are expected to be narrow, so that their isolation and detection are
relatively easy. Recently, experimental studies on the spectroscopy of these baryons have been accelerated and new
heavy baryons have been discovered [1, 2, 3, 4, 5, 6, 7, 8]. The Σb channels are expected to be very rich, so it
will be possible to check its semileptoic decays like its decay to the nucleon at LHC in the near future. There are
many works in literature which are devoted to the investigation of the mass and magnetic moments of the heavy
baryons using different approaches. The masses of these baryons have been discussed within QCD sum rules in
[9, 10, 11, 12, 13, 14, 15, 16, 17], in heavy quark effective theory (HQET) in [18, 19, 20, 21, 22, 23, 24] and using
different quark models in [25, 26, 27, 28, 29, 30, 31, 32, 33]. The magnetic dipole moment of heavy spin 1/2 and 3/2
baryons as well as the transition magnetic dipole and electric quadrupole moments of heavy spin 3/2 to heavy spin
1/2 baryons have been calculated in the framework of different approaches ( see for example [9, 34, 35] and references
therein). However, the semileptonic and nonleptonic decays of the heavy baryons have not been extensively discussed
in the literature comparing their mass and electromagnetic properties. Transition form factors of the Λb → Λc and
Λc → Λ decays have been studied in three points QCD sum rules in [36], and then used in the study of the semileptonic
decays. The Λb → plν¯ transition has also been investigated using three point QCD sum rules within the framework of
heavy quark effective theory (HQET) in [37] and using SU(3) symmetry and HQET in [38]. Hyperfine mixing and the
semileptonic decays of double-heavy baryons in a quark model [39], strong decays of heavy baryons in Bethe-Salpeter
formalism [40], strong decays of charmed baryons in heavy hadron Chiral perturbation theory [41] and semileptonic
decays of some heavy baryons containing single heavy quark in different quark models [42, 43, 44] are some other
works related to the heavy baryon decays.
In the present work, we calculate the form factors related to the semileptonic decay of the Σb → Nlν transition
in the framework of the light cone QCD sum rules using the nucleon distribution amplitudes. Here, N refers to two
members of the octet baryons, namely neutron and proton. The parameters appearing in the nucleon distribution
amplitudes have been calculated using various methods. In this work, for the values of these parameters, we use the
results of QCD sum rules approach [45] and also the results which are recently obtained from lattice QCD [46, 47, 48].
Analyzing of such transitions can give essential information about the internal structure of the Σb baryon as well as
accurate calculation of the nucleon wave functions. Since the spin of the heavy baryon carries information on the
spin of the heavy quark, the study of such transitions might also lead us to study the spin effects in the heavy quark
sector of the standard model.
The outline of the paper is as follows: in section II, using the nucleon distribution amplitudes and the most general
form of the interpolating currents for the Σb baryon, we calculate the form factors entering to the semileptonic decay
of the heavy Σb baryon to nucleon in the framework of the light cone QCD sum rules. The heavy quark limit of
the form factors and the relations between the form factors in this limit is also discussed in this section. Section III
encompasses numerical analysis of the form factors, our predictions for the decay rate obtained in two different ways:
first, using the DA’s obtained from QCD sum rules and second, the DA’s calculated in lattice QCD , and discussion.
II. LIGHT CONE QCD SUM RULES FOR THE Σb → N FORM FACTORS
This section is devoted to the calculation of form factors relevant for the Σ0b → p and Σ−b → n transitions using the
light cone QCD sum rules approach. At quark level, these transitions are governed by the tree level b→ u transition.
Considering the SU(2) symmetry, the form factors of these two transitions are the same, so we will use the notation
N instead of neutron and proton. The quark level transition is described by the effective Hamiltonian given by
Heff = GF√
2
Vubu¯γµ(1 − γ5)bl¯γµ(1 − γ5)ν. (1)
Hence, to study Σb → Nlν decay, one needs the matrix element 〈N |u¯γµ(1−γ5)b|Σb〉. To calculate this matrix element,
following the general philosophy of QCD sum rules, we start by considering the correlation function,
Πµ(p, q) = i
∫
d4xeiqx〈N(p) | T {J trµ (x)J¯Σb (0)} | 0〉, (2)
where, JΣb is interpolating currents of Σb baryon, J
tr
µ = u¯γµ(1 − γ5)b is transition current and 〈N(p) | presents the
proton sate. p denotes the proton momentum and q = (p + q) − p is the transferred momentum. To calculate the
form factors, the following three steps will be applied:
3• The correlation function is calculated by saturating it with a tower of hadrons having the same quantum number
as the interpolating current, JΣb called the phenomenological or physical side.
• The correlation function is calculated in QCD or theoretical side via operator product expansion (OPE), where
the short and long distance quark-gluon interactions are separated. The former is calculated using QCD per-
turbation theory, whereas the latter are parameterized in terms of the light-cone distribution amplitudes of the
nucleon.
• The sum rules for form factors are calculated equating the two representation of the correlation function men-
tioned above and applying Borel transformation to suppress the contribution of the higher states and continuum.
To calculate the physical side, a complete set of hadronic state is inserted to the correlation function. After
performing integral over x, we obtain
Πµ(p, q) =
∑
s
〈N(p) | J trµ (x) | Σb(p+ q, s)〉〈Σb(p+ q, s) | J¯Σb(0) | 0〉
m2Σb − (p+ q)2
+ ..., (3)
where, the ... represents the contribution of the higher states and continuum. The matrix element 〈Σb(p + q, s) |
J¯Σb(0) | 0〉 in (3) can be written as:
〈Σb(p+ q, s) | J¯Σb(0) | 0〉 = λΣb u¯Σb(p+ q, s), (4)
where λΣb is residue of Σb baryon. The transition matrix element, 〈N(p) | J trµ | Σb(p+q, s)〉 is parameterized in terms
of the form factors fi and gi as
〈N(p) | J trµ (x) | Σb(p+ q)〉 = N¯(p)
[
γµf1(Q
2) + iσµνq
νf2(Q
2) + qµf3(Q
2) + γµγ5g1(Q
2) + iσµνγ5q
νg2(Q
2)
+ qµγ5g3(Q
2)
]
uΣb(p+ q),
(5)
where Q2 = −q2, and fi, and gi, are the form factors and N(p) and uΣb(p + q) are the spinors of nucleon and Σb,
respectively. Using Eqs. (3), (4) and ,(5) and summing over spins of the Σb baryon using∑
s
uΣb(p+ q, s)uΣb(p+ q, s) = 6p+ 6q +mΣb , (6)
we obtain the following expression
Πµ(p, q) =
λΣb
m2Σb − (p+ q)2
N¯(p)
[
γµf1(Q
2) + iσµνq
νf2(Q
2 + qµf3(Q
2) + γµγ5g1(Q
2) + iσµνγ5q
νg2(Q
2)
+ qµγ5g3(Q
2)
]
(6p+ 6q +mΣb) + · · · (7)
Using
N¯σµνq
νuΣb = N¯ [(mN +mΣb)γµ − (2p+ q)µ]uΣb , (8)
in Eq. (7), the final expression for the physical side of the correlation function is obtained as
Πλ(p, q) =
λΣb
m2Σb − (p+ q)2
N¯(p)
[
2f1(Q
2)pµ +
{
− f1(Q2)(mN −mΣb) + f2(Q2)(m2N −m2Σ)
}
γµ
+
{
f1(Q
2)− f2(Q2)(mN +mΣb)
}
γµ 6q + 2f2(Q2)pµ 6q +
{
f2(Q
2) + f3(Q
2)
}
(mN +mΣb)qµ
+
{
f2(Q
2) + f3(Q
2)
}
qµ 6q − 2g1(Q2)pµγ5 +
{
g1(Q
2)(mN +mΣb) − g2(Q2)(m2N −m2Σb)
}
γµγ5 −{
g1(Q
2)− g2(Q2)(mN −mΣb)
}
γµ 6qγ5 − 2g2(Q2)pµ 6qγ5 −
{
g2(Q
2) + g3(Q
2)
}
(mN −mΣb)qµγ5
−
{
g2(Q
2) + g3(Q
2)
}
qµ 6qγ5
]
+ · · · (9)
4Among many structures appearing in Eq. (7), we chose the independent structures pµ, pµ 6 q, qµ 6 q, pµγ5, pµ 6 qγ5, and
qµ6qγ5 to evaluate the form factors f1, f2, f3, g1, g2 and g3, respectively.
On QCD side, to calculate the correlation function in deep Euclidean region where (p+ q)2 ≪ 0, we need to know
the explicit expression for the interpolating current of the Σb baryon. It is chosen as
JΣb(x) =
−1√
2
εabc
[{
uTa(x)Cbb(x)
}
γ5d
c(x) −
{
bTa(x)Cdb(x)
}
γ5u
c(x)
+β
{
{uTa(x)Cγ5bb(x)}dc(x) − {bTa(x)Cγ5db(x)}uc(x)
}]
, (10)
where a, b, c are the color indices and C is the charge conjugation operator and β is an arbitrary parameter with
β = −1 corresponding to the Ioffe current. Using the transition current, J trµ = u¯γµ(1 − γ5)b and JΣband contracting
out all quark pairs applying the Wick’s theorem, we obtain
Πµ =
−i√
2
ǫabc
∫
d4xeiqx
{[
(C)ηλ(γ5)γφ − (C)λφ(γ5)γη
]
+ β
[
(Cγ5)ηλ(I)γφ
− (Cγ5)λφ(I)γη
]}[
(1 + γ5)γµ
]
σθ
SQ(−x)λσ〈N(p)|u¯aη(0)u¯bθ(x)d¯cφ(0)|0〉,
(11)
where, SQ(x) is the heavy quark propagator which is represented as [49]:
SQ(x) = S
free
Q (x)− igs
∫
d4k
(2π)4
e−ikx
∫ 1
0
dv
[
6k +mQ
(m2Q − k2)2
Gµν(vx)σµν +
1
m2Q − k2
vxµG
µνγν
]
. (12)
where
SfreeQ =
m2Q
4π2
K1(mQ
√−x2)√−x2 − i
m2Q 6x
4π2x2
K2(mQ
√
−x2),
(13)
and Ki are the Bessel functions. The terms proportional to the gluon strength tensor can give contribution to four
and five particle distribution functions but they are expected to be small [50, 51, 52] and for this reason, we will
neglect these amplitudes in further analysis.
For the calculation of Πµ in Eq. (11), the matrix element 〈N(p) | ǫabcu¯aη(0)u¯bθ(x)d¯cφ(0) | 0〉 is required. The nucleon
wave function is given as [45, 50, 51, 52, 53]:
4〈0|ǫabcuaα(a1x)ubβ(a2x)dcγ(a3x)|N(p)〉
= S1mNCαβ(γ5N)γ + S2m2NCαβ(/xγ5N)γ
+ P1mN (γ5C)αβNγ + P2m2N (γ5C)αβ(/xN)γ + (V1 +
x2m2N
4
VM1 )(/pC)αβ(γ5N)γ
+ V2mN (/pC)αβ(/xγ5N)γ + V3mN (γµC)αβ(γµγ5N)γ + V4m2N (/xC)αβ(γ5N)γ
+ V5m2N (γµC)αβ(iσµνxνγ5N)γ + V6m3N (/xC)αβ(/xγ5N)γ + (A1
+
x2m2N
4
AM1 )(/pγ5C)αβNγ +A2mN (/pγ5C)αβ(/xN)γ +A3mN (γµγ5C)αβ(γµN)γ
+ A4m2N(/xγ5C)αβNγ +A5m2N (γµγ5C)αβ(iσµνxνN)γ +A6m3N (/xγ5C)αβ(/xN)γ
+ (T1 + x
2m2N
4
T M1 )(pνiσµνC)αβ(γµγ5N)γ + T2mN (xµpνiσµνC)αβ(γ5N)γ
+ T3mN (σµνC)αβ(σµνγ5N)γ + T4mN (pνσµνC)αβ(σµρxργ5N)γ
+ T5m2N (xν iσµνC)αβ(γµγ5N)γ + T6m2N (xµpνiσµνC)αβ(/xγ5N)γ
+ T7m2N (σµνC)αβ(σµν/xγ5N)γ + T8m3N (xνσµνC)αβ(σµρxργ5N)γ , (14)
5S1 = S1
2pxS2 = S1 − S2
TABLE I: Relations between the calligraphic functions and proton scalar DA’s.
P1 = P1
2pxP2 = P1 − P2
TABLE II: Relations between the calligraphic functions and proton pseudo-scalar DA’s.
where, the calligraphic functions, which are functions of the scalar product px and the parameters ai, i = 1, 2, 3,
can be expressed in terms of the nucleon distribution amplitudes (DA’s) with the increasing twist. The distribution
amplitudes with different twist are given explicitly in Tables I, II, III, IV and V:
One can expresses the distribution amplitudes F (aipx)= Si, Pi, Vi, Ai, Ti as:
F (aipx) =
∫
dx1dx2dx3δ(x1 + x2 + x3 − 1)e−ipxΣixiaiF (xi) . (15)
Here xi with i = 1, 2, 3 corresponds to the longitudinal momentum fractions carried by the quarks.
Using the expressions for the heavy quark propagator and nucleon distribution amplitudes and performing integral
over x the expression for the correlation function in QCD or theoretical side is obtained. Equating the corresponding
structures from both representations of the correlation function and applying Borel transformation with respect to
(p+q)2 to suppress the contribution of the higher states and continuum, one can obtain sum rules for the form factors
f1, f2, f3, g1, g2 and g3. Finally, to subtract the contribution of the higher states and the continuum, quark-hadron
duality is assumed.
In heavy quark effective theory (HQET), the heavy quark symmetry reduces the number of independent form
factors to two namely, F1 and F2 [54, 55], i.e.,
〈N(p) | u¯Γb | Σb(p+ q)〉 = N¯(p)[F1(Q2)+ 6vF2(Q2)]ΓuΣb(p+ q),
(16)
where, Γ is any Dirac structure and 6v = 6p+ 6qmΣb . Comparison between Eq. (16) with the general definition of the form
factors in Eq. (5) leads to the following relations among the form factors in HQET limit [56, 57]
g1 = f1 = F1 +
mN
mΣb
F2
g2 = f2 = g3 = f3 =
F2
mΣb
(17)
Our calculations show that the deviation from the relations g1 = f1 and g2 = f2 = g3 = f3 are negligible in the case of
HQET limit. However, when we consider finite mass, the violation is (10−20)0/0 for Q2 > 0 and turns out to be large
for Q2 < 0 values. The explicit expressions for the form factors are very lengthy, so considering the above relations,
we will present only the expressions for f1 and f2 in the Appendix–A. However, we will give the extrapolation of all
form factors in finite mass in terms of Q2 in the numerical analysis section.
From the explicit expressions of the form factors, it is clear that we need to know the expression for the residue of
the Σb baryon. The residue λΣb is determined from sum rule and its expression is given in [58] as:
− λ2Σbe−m
2
Σb
/M2 =
∫ s0
m2
b
e
−s
M2 ρ(s)ds+ e
−m2
b
M2 Γ, (18)
with
ρ(s) = (< dd > + < uu >)
(β2 − 1)
64π2
{
m20
4mb
(6ψ00 − 13ψ02 − 6ψ11) + 3mb(2ψ10 − ψ11 − ψ12 + 2ψ21)
}
+
m4b
2048π4
[5 + β(2 + 5β)][12ψ10 − 6ψ20 + 2ψ30 − 4ψ41 + ψ42 − 12ln( s
m2b
)],
(19)
6V1 = V1
2pxV2 = V1 − V2 − V3
2V3 = V3
4pxV4 = −2V1 + V3 + V4 + 2V5
4pxV5 = V4 − V3
4(px)2V6 = −V1 + V2 + V3 + V4 + V5 − V6
TABLE III: Relations between the calligraphic functions and proton vector DA’s.
A1 = A1
2pxA2 = −A1 +A2 −A3
2A3 = A3
4pxA4 = −2A1 −A3 −A4 + 2A5
4pxA5 = A3 − A4
4(px)2A6 = A1 − A2 + A3 + A4 − A5 + A6
TABLE IV: Relations between the calligraphic functions and proton axial vector DA’s.
Γ =
(β − 1)2
24
< dd >< uu >
[
m2bm
2
0
2M4
+
m20
4M2
− 1
]
, (20)
where, s0 is continuum threshold, M
2 is the Borel mass parameter and ψnm =
(s−m2b)
n
sm(m2
b
)n−m
are some dimensionless
functions.
III. NUMERICAL RESULTS
This section is devoted to the numerical analysis for the form factors and total decay rate for Σb −→ Nℓν transition.
Some input parameters used in the analysis of the sum rules for the form factors are 〈u¯u〉(1 GeV ) = 〈d¯d〉(1 GeV ) =
−(0.243)3 GeV 3, mN = 0.938 GeV , mb = 4.7 GeV , mΣb = 5.805 GeV , and m20(1 GeV ) = (0.8± 0.2) GeV 2 [59]. The
nucleon DA’s are the main input parameters, whose explicit expressions can be found in [45]. These DA’s contain
8 independent parameters fN , λ1, λ2, V
d
1 , A
u
1 , f
d
1 , f
u
1 and f
d
2 . These parameters have been calculated also in [45]
within the light cone QCD sum rules. Recently, most of these parameters have been calculated in the framework of
the lattice QCD [46, 47, 48]. We will use these two sets of data from QCD sum rules and lattice QCD and for each
parameter which have not been calculated in lattice, we will use the values from QCD sum rules prediction. These
parameters are given in Table VI.
The sum rules for form factors also contain 3 auxiliary parameters namely, continuum threshold s0, Borel mass
parameter M2 and general parameter β entering to the general current of the Σb baryon. These are not physical
quantities, hence the form factors should be independent of them. Therefore, we look for working regions such that
in these regions our results are practically independent of these mathematical objects. The continuum threshold,
s0 is not completely arbitrary and it is related to the energy of the exited states. Our numerical analysis for form
factors show that the results are weakly depend on s0 in the interval, (mΣb + 0.5)
2 ≤ s0 ≤ (mΣb + 0.7)2. In order to
obtain the working region for β, we plot the form factors with respect to cosθ in the interval −1 ≤ cosθ ≤ 1 which is
corresponds to −∞ ≤ β ≤ ∞, where β = tanθ and look for a region at which the dependency is weak. The common
working region for β is obtained to be −0.5 ≤ cosθ ≤ 0.6. The Ioffe current which corresponds to cosθ = −0.71 is
out of this region. The similar results have been obtained in [35]. The lower limit on Borel mass squared, M2 is
determined from condition that the contribution of higher states and continuum to the correlation function should
be enough small, i.e., the contribution of the highest term with power 1/M2 is less than, say, 20–25% of the highest
power of M2. The upper limit of this parameter is acquired from the condition that series of the light cone expansion
with increasing twist should be convergent. Generally, this means that the higher states, higher twists and continuum
contributions to the correlation function should be less than 40–50% of the total value. Our numerical analysis show
that both conditions are satisfied in the region 15 GeV 2 ≤ M2B ≤ 30 GeV 2, which we will use in numerical analysis.
7T1 = T1
2pxT2 = T1 + T2 − 2T3
2T3 = T7
2pxT4 = T1 − T2 − 2T7
2pxT5 = −T1 + T5 + 2T8
4(px)2T6 = 2T2 − 2T3 − 2T4 + 2T5 + 2T7 + 2T8
4pxT7 = T7 − T8
4(px)2T8 = −T1 + T2 + T5 − T6 + 2T7 + 2T8
TABLE V: Relations between the calligraphic functions and proton tensor DA’s.
QCD sum rules [45] Lattice QCD [46, 47, 48]
fN (5.0± 0.5) × 10
−3 GeV 2 (3.234 ± 0.063 ± 0.086) × 10−3 GeV 2
λ1 −(2.7± 0.9) × 10
−2 GeV 2 (−3.557± 0.065 ± 0.136) × 10−2 GeV 2
λ2 (5.4± 1.9) × 10
−2 GeV 2 (7.002 ± 0.128 ± 0.268) × 10−2 GeV 2
V d1 0.23± 0.03 0.3015 ± 0.0032 ± 0.0106
Au1 0.38± 0.15 0.1013 ± 0.0081 ± 0.0298
fd1 0.40± 0.05 −
fu1 0.07± 0.05 −
fd2 0.22± 0.05 −
TABLE VI: The values of independent parameters entering to the nucleon DA’s. The first errors in lattice values are statistical
and the second errors represent the uncertainty due to the chiral extrapolation and renormalization.
Considering the above requirements, we obtained that the form factors obey the following extrapolations in terms of
q2:
fi(q
2)[gi(q
2)] =
a
(1− q2
m2
fit
)
+
b
(1− q2
m2
fit
)2
, (21)
The values of the parameters a, b and mfit are given in Tables VII and VIII related to the QCD sum rules and
lattice QCD input parameters, respectively. These parameterizations show that increasing in the value of q2 leads to
increasing in the absolute value of the form factors and they have no pole inside the physical region. The values of
mfit presents the pole outside the allowed region of q
2 and related to this and accordance to mesons, one can calculate
the coupling constant gΣbΣ∗bN , where, Σ
∗
b can be considered as the exited state of Σb baryon. For detailed analysis
in this respect see [60, 61, 62]. Note that, as we work near the light cone, x2 ≃ 0, from the considered correlation
function it is clear that our predictions at low q2 are not reliable and we need the above parameterization to extend
the results to full physical region. As an example, to show how the actual sum rules results, and the parameterization
fit to each other, we present the dependency of f2 (both actual sum rule result and fit parameterization) on q
2 for
QCD sum rules input parameters and at fixed values of auxiliary parameters in Fig. 1.
The values of form factors at q2 = 0 is also obtained as presented in Table IX. Our next task is to calculate the
total decay rate of Σb −→ pℓν transition in the whole physical region, i.e., m2l ≤ q2 ≤ (mΣb −mN)2. The decay width
for such transition is given by the following expression [63, 64]
Γ(Σb → Plνl) = G
2
F
384π3m3Σb
|Vbu|2
∆2∫
m2
l
dq2 (1−m2l /q2)2
√
(Σ2 − q2)(∆2 − q2) N(q2) (22)
80 5 10 15
q2(GeV2)
-2
-1.5
-1
-0.5
0
f 2
Sum Rule Result
Fit Function
FIG. 1: The dependency of f2 (both actual sum rule result and fit parameterization) on q
2 for QCD sum rules input parameters
at M2 = 25 GeV 2, s0 = 6.3
2 GeV 2 and β = 5.
a b mfit
f1 0.13 0.005 4.92
f2 0.03 -0.10 5.40
f3 -0.09 -0.02 4.92
g1 0.20 -0.05 5.56
g2 -0.02 0.015 5.96
g3 -0.02 -0.009 5.65
TABLE VII: Parameters appearing in the fit function for QCD sum rules set of data.
where
N(q2) = F 21 (q
2)(∆2(4q2 −m2l ) + 2Σ2∆2(1 + 2m2l /q2)− (Σ2 + 2q2)(2q2 +m2l ))
+ F 22 (q
2)(∆2 − q2)(2Σ2 + q2)(2q2 +m2l )/m2Σb + 3F 23 (q2)m2l (Σ2 − q2)q2/m2Σb
+ 6F1(q
2)F2(q
2)(∆2 − q2)(2q2 +m2l )Σ/mΣb − 6F1(q2)F3(q2)m2l (Σ2 − q2)∆/mΣb
+ G21(q
2)(Σ2(4q2 −m2l ) + 2Σ2∆2(1 + 2m2l /q2)− (∆2 + 2q2)(2q2 +m2l ))
+ G22(q
2)(Σ2 − q2)(2∆2 + q2)(2q2 +m2l )/m2Σb + 3G23(q2)m2l (∆2 − q2)q2/m2Σb
− 6G1(q2)G2(q2)(Σ2 − q2)(2q2 +m2l )∆/mΣb + 6G1(q2)G3(q2)m2l (∆2 − q2)Σ/mΣb . (23)
Where F1(q
2) = f1(q
2), F2(q
2) = mΣbf2(q
2), F3(q
2) = mΣbf3(q
2), G1(q
2) = g1(q
2), G2(q
2) = mΣbg2(q
2), G3(q
2) =
mΣbg3(q
2), Σ = mΣb +mp and ∆ = mΣb −mp. GF = 1.17 × 10−5 GeV−2 is the Fermi coupling constant, and ml
is the leptonic (electron, muon or tau) mass. For the corresponding CKM matrix element Vub = (4.31 ± 0.30) 10−3
is used [65]. Our final results for total decay rates are given in Table X. From this Table, we see that the obtained
results for the decay rates are in the same order of magnitudes for two sets of input parameters. The central values
of the decay rate for e and µ obtained using the lattice QCD input parameters are about 2 times greater than
that of the QCD sum rules input parameters while, for τ case the result obtained by sum rules input parameters is
about 1.5 time larger than the prediction acquired using the lattice input parameters. However, when we consider
the uncertainties, results obtained using both sets of input parameters coincide for all leptons. Here, we should
stress that as we mentioned before, the Λb → plν¯ decay has been studied in three point QCD sum rules and HQET
9a b mfit
f1 0.19 0.004 4.88
f2 0.038 - 0.067 5.38
f3 -0.06 -0.015 4.93
g1 0.25 -0.064 4.97
g2 -0.03 -0.002 5.97
g3 -0.028 -0.009 5.95
TABLE VIII: Parameters appearing in the fit function for lattice QCD set of data.
For QCD sum rules input parameters For lattice QCD input parameters
f1(0) 0.14± 0.05 0.19± 0.06
f2(0) −0.08± 0.03 −0.029 ± 0.010
f3(0) −0.11± 0.04 −0.076 ± 0.028
g1(0) 0.15± 0.05 0.18± 0.06
g2(0) −0.036± 0.012 −0.033 ± 0.011
g3(0) −0.032± 0.011 −0.037 ± 0.012
TABLE IX: The value of the form factors at q2 = 0
.
in [37] and using SU(3) symmetry and HQET in [38]. Their predictions on the decay rate of the Λb → plν¯ are,
1.35×10−11|Vub|2 GeV and 6.48×1012|Vub|2 s−1, respectively. In order to have a sense of the order of decay rates, we
compare our average results presented in Table X with those predictions. Considering all results in the same unit, we
see that our average result is in the same order of magnitude with that of [37], but one order of magnitude is greater
than the [38] prediction. For exact comparison the initial particles should be the same.
In conclusion, using the most general form of the interpolating currents of the heavy spin 1/2, Σb baryon and
distribution amplitudes of the nucleon, the transition form factors of the semileptonic Σb → Nlν were calculated
in the framework of the light cone QCD sum rules. Ignoring the negligible deviation, the form factors satisfied the
HQET relations among the form factors. The obtained results for the related form factors were used to estimate the
decay rate of this transition for two different sets of independent parameters entering to expressions for the nucleon
distribution amplitudes namely, QCD sum rules and lattice QCD input parameters. The obtained values for the
decay rate for these two sets of data are approximately consistent with each other. Further improvements would be
achieved by determining the next leading order QCD corrections to the nucleon distribution amplitudes.
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Appendix A
In this section, we present the explicit expressions for the form factors f1 and f2.
f1(Q
2) =
1√
2λΣb
em
2
Σb
/M2B
(∫ 1
t0
dx2
∫ 1−x2
0
dx1e
−s(x2,Q
2)/M2B
1
2
√
2
[
mb
{
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}
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{
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}]
+
∫ 1
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dx2
∫ 1−x2
0
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−s(t1,Q
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4
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3
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2
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]
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}
+
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where
H(xi) = H(x1, x2, 1− x1 − x2),
s(y,Q2) = (1− y)m2N +
(1− y)
y
Q2 +
m2b
y
, (A.3)
and t0 = t0(s0, Q
2) is the solution of the equation s(t0, Q
2) = s0, and is given as
t0(s0, Q
2) =
m2N −Q2 −
√
−4m2N(m2b −Q2) + (−m2N +Q2 − s0)2 + s0
2m2N
. (A.4)
In the above equations, we have used the short hand notations for the functions H±ia,±jb,... = ±aHi ± bHj ..., and
Hi are defined in terms of the distribution amplitudes as follows:
H1 = S1 H2 = S1,−2
H3 = P1 H4 = P1,−2
H5 = V1 H6 = V1,−2,−3
H7 = V3 H8 = −2V1,−5 + V3,4
H9 = V4,−3 H10 = −V1,−2,−3,−4,−5,6
H11 = A1 H12 = −A1,−2,3
H13 = A3 H14 = −2A1,−5 −A3,4
H15 = A3,−4 H16 = A1,−2,3,4,−5,6
H17 = T1 H18 = T1,2 − 2T3
H19 = T7 H20 = T1,−2 − 2T7
H21 = −T1,−5 + 2T8 H22 = T2,−3,−4,5,7,8
H23 = T7,−8 H24 = −T1,−2,−5,6 + 2T7,8, (A.5)
where for any distribution amplitudes, X±i,±j,... = ±Xi ±Xj... are also used.
